In this work we directly fit the QCD dimensional transmutation parameter, Λ MS , to experimental data of Drell-Yan (DY) observables. For this purpose we first obtain the evolution of transverse momentum dependent parton distribution functions (TMDPDFs) up to the NNLO approximation based on Collins-Sopper-Sterman formalism.
Introduction
To discuss the details of probing hadronic structure in high energy collisions, the intrinsic transverse momentum carried by partons plays an essential role. Allowing the parton distribution functions (PDFs) and fragmentaion function (FFs) to depend additionaly on intrinsic transverse momentum rather than the usual momentum fraction variables will cause the teransverse momentum dependent (TMD) factorization formalism go beyond the framework of standard factorization [1, 2] . To describe the processes which are sensitive to intrinsic parton transverse, TMD factorization will be needed. There are large variety of situations which can be considered as an eveidnent to appear the usefulness of the TMD concept. Some examples are Drell-Yan (DY) process, hadron production in electronpositron annihilation at small transverse momentum and semi inclusive deep inelastic scattering (SIDIS). In this article, we are focusing on the DY processes and try to do some phenomenological investigation to extract an improtant parameter in perturbative QCD analysis.
The renormalized strong coupling constant α s (µ) is a crucial quantity in high energy collisions . Equivalently the Renormalization Group (RG) invariant scale parameter Λ M S is the fundamental QCD scale which is depend on the number of active quark flavour, n f , and can be extracted using fit to the different experimental data confronted with theoretical predictions. Although lots of works has been done to determine this parameter, it is still of interest to be estimated by other methods and using different available experimental data. Since the Drell-Yan process is one of the good context to test QCD theory, we choose the available low energy experimental data related to this process to find the Λ M S parameter by makeing use of Collins, Sopper and Sterman(CSS) resummation formalism [3] which is one of the theoretical framework designed to account for QCD effects. The fitting is performed at first four mass bins of 5 GeV to 9 GeV of the E288 experimental data . Since the used energy scale, Q, is more than the mass of bottom quark, five active flavour is considered in our analysis. Totally 28 data points are taken into account to extract Λ M S in the fit.
The organization of paper is as following. In Sec.2 we consider the evolution of TMD PDF which is employed to calculate the cross section in DY process by making use of the Collins-Sopper-Sterman (CSS) approach. We extend the current results in [4] and obtain the TMD PDF up to the NNLO approximation. In Sec.3 we review the theoretical assumption to calculate the cross section of DY processes in which the Brock-LandryNadolsky-Yuan (BLNY) parametrization is used for the non-perturbative part of the calculation. Using fitting process the unknown parameter Λ M S is obtained in Sec. 4 . Finally we give our conclusion in Sec.5.
TMD evolution
The evolution of quark-TMD PDF in the CSS formalism is given by [4, 5] :
In this equation, the The one-loop values forK(b * ; µ b ) ,γ F and γ K functions are as following [5] :
where:
Considering Eqs.(2-5) the TMD PDF for up quark at three different scales can be calculated in the NLO approximation. To reach our main aim to obtain the NNLO approximation in evolving the TMD PDF, we need to add the NNLO contributions to the Eqs. (2) (3) (4) which are available in [5] as:
By inserting Eqs. 5, and 91.19 GeV with x = 0.09 in Q 0 = 1.6. We depict the related plots run over a range typical for studies of TMD-functions from P T = 0 to 6 GeV in Fig.1 .
As is expected by increasing the energy scale the effect of TMD PDF at larger values of P T is growing. By raising the accuracy of calculations and increasing the energy scales, the amount of of TMDPDF at small P T value is deceasing. In this case the effect of this function at large values of P T is slightly extending.
Hadronic production and DY processes in CSS formalism
The differential cross section for the Drell-Yan process in the CSS resummation formalism can be expressed as [7, 8] :
In this equation Q, Q T and y are the invariant mass, transverse momentum and rapidity of vector boson V respectively in which x 1 , x 2 are presented by x 1 = e y Q/s, x 2 = e −y Q/s where s is the overall center-of-mass energy of colliding hadrons. In Eq.(13) the two dimensional fourier transform can be converted to one dimensional integral, using the first type of Bessel function in which Eq.(13) can be appeared as [5] :
TheW jk term is defined by [9] :
In Eq.(15) the indices h 1 ,h 2 denotes to the parton number 1 and 2. The
corresponds to the part (a) of Eq. (1) where we calculate it, using the package of P DF Collinear[up,
as we described in Sec.2. The C 1 and C 2 are renormalization constants. To remove some of the logarithmic divergences in W jk (b T , Q, x 1 , x 2 ), the best choice for these constants [10] . The Sudakov factor S in Eq.(15) which is equivalent to the square of the (b) factor in Eq. (1) is given by [9] :
The A and B functions in Eq.(16) can be found up to NNLO approximation in [7] as:
where
To achieve more precise results for DY cross section, one can use the NNLO contributions for TMD PDF as was obtained in Sec.2.
The form factor W jk (b T , Q, x 1 , x 2 ) in Eq.(15) can be expressed in terms of its pertur-
and nonperturbative function W N P jk as [10] :
with:
In our calculations, the cross section of DY process is considered and compared with the available experimental data. Indeed we take the Λ M S as an unknown parameter that souled be determined by fitting process. We analyze the DY process with BLNY fitting parametrization in the non-perturbative part of the cross section using [8] :
where g 1 , g 2 , g 3 are the unknown parameters that should be determined by fitting to the expression in Eq.(25) which is corresponding to the square of (c) factor in Eq.(1). Using the E288 experimental data (for Q = 5 to 9) [12] we can obtain the values of these parameters as well as Λ M S , using CERN subroutine MINUIT [13] . We calculate the theoretical cross section using b-star method [11] , choosing b max = 0.5 GeV −1 = 0.1 f m in all part of fitting.
To get better consistency between the theoretical results and the related experimental data, the data at each mass bin including 5 < Q < 6, 6 < Q < 7, 7 < Q < 8 and 8
< Q < 9, is multiplied by individual normalization factors. Then we have totally four normalization factors in our calculations.
Results and discussions
As mentioned before our purpose is to determine the Λ M S in DY process together with the unknown parameters g 1 , g 2 and g 3 at low energy scales, considering transverse momentum distributions by CSS resummation formalism. Therefor we should include the experimental data for which the transverse momentum distributions have more effect in non-perturbatve part of our calculations. Hence we use the low energy DY data in the region where the transverse momentum of the lepton pair is much smaller than its invariant mass Q. The reason is that the CSS formalism describes the production of DY pairs better in the central rapidity region [10] . The E288 data from the p + Cu → µ + µ − + X process at √ s = 23.8
GeV with x = 0.03 is a good case with those properties. By accessing to the TMDPDFs we are able to calculate the related cross section in DY process. Using the E288 experimental data, we do the fitting and obtain the values of the non-perturbative parameters g 1 , g 2 and g 3 , using the BLNY parametrization [8] and finally Λ M S which is placed in the perturbative part of calculations. The fitting is done by MINUIT programming and the results are:
which is corresponding to α s (M 2 z ) = 0.119 ± 0.001 for energy scale of Z-mass boson at the NLO approximation. The goodness fitting with χ 2 /d.o.f. = 1.12 and finding for Λ M S a value within the acceptable range indicates that the BLNY parametrization is suitable to describe low energy events.
We use the obtained numerical results for the unknown parameters and plot the related DY cross section. We then compare the result with the available experimental data and depict them in Fig.2 for p + Cu → µ + µ − + X reaction at √ s = 23.8 GeV with x = 0.03.
As can be seen a good consistency is existing between them. 10.00
Σ dp experimental data [12] for the p + Cu → µ + µ − + X reaction at √ s=23.8 GeV.
Conclusion
We considered the evolution of transverse momentum dependent parton distribution function for up quark in CSS formalism up to NNLO approximation which can be easily extended to obtain the TMD PDF for other quarks by similar calculations. In particular,
we have used the TMD evolution kernel at NNLO approximation which to our knowledge, has not been done before. We also indicated that one can directly relate QCD observables to the underlying dimensional transmutation parameter of the theory, Λ M S . We extracted the Λ M S within the appropriate range of perturbative QCD and showed that the TMD formalism is a powerful tool to analyze perturbative and non-perturbative effects in cross section spectra of DY process. The result of global fit showed that the BLNY parametrization is a good one for the non-perturbative part of cross section and the CSS formalism can formulate and describe properly the E288 experimental data (for low energy Drell-Yan process).
The calculations for DY cross section can be extended to the NNLO approximation which we hope to report them in our further research activity. Employing the experimental data for DY cross section at high energy scales is also a valuable task to increase the precision of our fitting which can be done in future.
